Short title: Role of essential amino acid metabolism in bovine blastocyst development Summary sentence: Bovine blastocyst cells require threonine dehydrogenase activity for survival ABSTRACT Increasing evidence suggests that pluripotency is a metabolically specialised state.
not metabolically differ in this regard, highlighting species-specific connections between metabolism and pluripotency regulation in mouse vs cattle.
INTRODUCTION
Following fertilization, the diploid mammalian zygote undergoes a series of DNA replications and cleavage divisions, partitioning its cytoplasm into progressively smaller nucleated daughter cells, called blastomeres, without increasing total embryo volume. Energy production during these cleavage divisions is largely aerobic with pyruvate as the preferred substrate to generate ATP from oxidative phosphorylation [1] . During in vitro culture, early preimplantation embryos have remarkably simple nutritional needs, requiring only physiological salt solutions, an energy source and a fixed nitrogen source. In chemically defined media, these include a few key ingredients, such as pyruvate, lactate, endogenous fatty acids and amino acids [1] .
After a few cleavage divisions, the blastomeres compact and form a tight morula.
This structure is unique to placental mammals and comprises an outer layer and an internalized cell mass. The outer cells form an epithelium, channelling water and ions inside to form a small fluid-filled cavity, the blastocoel. Cavitation marks the appearance of an early blastocyst, a hollow ball of cells with an outside trophoblast layer, often called trophectoderm (TE), enclosing a small inner cell mass (ICM) to one side of the expanding blastocoel. The trophoblast gives rise to fetal placenta, while the ICM segregates into the hypoblast, which form extraembryonic yolk sac endoderm, and the pluripotent epiblast, which develops into all intraembryonic lineages, including germ cells, and extraembryonic yolk sac mesoderm. In mouse and rat, isolated epiblast is also the source of naïve pluripotent stem cells (PSCs) that can be permanently cultured in vitro [2] .
During these developmental processes, glucose becomes an important substrate and oxygen consumption rises, accompanied by a sharp increase in glycolysis.
These metabolic changes are largely due to the energy demands of the Na+, K+ ATPase pump that is required for blastocoel formation and of increasing protein synthesis [3] . They coincide with the end of cleavage divisions, initiation of net cell growth, replicative proliferation and stable nucleo-cytoplasmic ratios [4] .
In the absence of other protein sources, the precise combination and concentration of amino acids that is required for cultured bovine embryos at different developmental stages is still a matter of debate [5, 6] . However, there is little evidence that individual amino acids could be harmful, especially at nearphysiological concentrations. Therefore, optimised culture media usually include the full complement of all 20 standard amino acids, ideally in a composition closely resembling the reproductive tract fluids in which embryos normally develop [7] . During in vitro development, this composition may have to change according to changing embryo needs. For example, individual amino acids are depleted at higher rates at later developmental stages, implying increased demand as development progresses [8] . Profiling such amino acid turnover has been used to predict developmental competence of embryos from a variety of species, e.g., human, pig and cattle (reviewed in [9] ).
Conventionally, amino acids have been categorised into 'essential' and 'nonessential' depending on whether they can be synthesized by the whole organism or not, respectively. Regardless of this distinction, all 20 standard amino acids are required for protein synthesis and are usually supplied in the culture medium of early embryos [6] . This supply is either direct, as free amino acids, or indirect, as serum or purified serum albumin that can be internalized by embryos and degraded intracellularly [10] . Once internalized, amino acids and their complex interactions play a number of overlapping metabolic and cellular roles. Quantitatively the most important one is protein synthesis, which is directly measured through incorporation of exogenous radiolabelled amino acids into protein of preimplantation embryos [11] . Amino acids are also involved in numerous other biosynthetic pathways, including nucleotide synthesis, oxidation in the Krebs cycle, protection against oxidative stress, osmotic and pH regulation, and onecarbon metabolism (reviewed in [7] ).
One essential amino acid with exceptional metabolic flexibility is threonine. Apart from protein translation and post-translational modification, such as phosphorylation and O-linked glycosylation, threonine can be enzymatically catabolized to produce energy, lipids, nucleotides and one-carbon donors [12] . This wide range of roles depends largely on the activity of threonine dehydrogenase (TDH), a mitochondrial enzyme that catalyses the two-step breakdown of threonine into acetyl-CoA and glycine, feeding the Krebs cycle and one-carbon metabolism, respectively. Using systematic amino acid depletion, threonine was identified as being critically important for epiblast-derived mouse PSCs [13] . In the absence of threonine, thymidine biosynthesis and cell cycle progression were impaired while differentiation was accelerated [13, 14] . Furthermore, metabolism of threonine and S-adenosylmethionine (SAM), the main methyl-donating molecule, were closely coupled in PSCs [15] . Decreased threonine levels led to a concomitant decrease in SAM levels, which manifested as a decrease in specific histone trimethylation levels [15] . Inhibition of TDH activity by quinazolinecarboxamide (Qc) compounds specifically impeded cell growth and induced autophagy of mouse PSCs [16] . These pharmacological studies were supported by genetic TDH-overexpression and -knockdown experiments that resulted in enhanced and reduced reprogramming efficiency, respectively, into induced PSCs (iPSCs) [17] . Collectively, these findings demonstrated the important role of TDH-mediated threonine catabolism in regulating pluripotency.
In humans, TDH is predicted to be an inactive pseudogene, however, this is based on three different mutations present in a small sample size and no functional TDH assay [18] . Human PSCs rely on the uptake of extracellular methionine for SAM production as threonine cannot be used for SAM production [13] , which instead use methionine [19] . Consequently, methionine deprivation leads to loss of histone methylation and apoptosis [19] . A similar effect was observed after knockdown of methionine adenosyltransferases that catalyse the conversion of methionine into SAM, suggesting that maintenance of SAM levels, rather than methionine, was critical for cell survival. Methionine deprivation also led to a rapid and specific decrease in histone trimethylation [19] . Taken together, threonine and methionine are critical for PSC survival through modulating SAM concentrations, potentially linking the metabolic and epigenetic pathways in PSCs.
Here we investigated the role of threonine and methionine in bovine blastocyst development with a particular focus on forming the ICM, the founder tissue for embryo-derived putative PSCs. We show that blocking TDH activity leads to increased autophagy in bovine blastocysts, demonstrating a requirement of threonine catabolism for embryonic cell viability in cattle.
MATERIAL AND METHODS
Chemicals were purchased from Sigma-Aldrich (Auckland, New Zealand) unless indicated otherwise.
Animal Studies
All animal studies were undertaken in compliance with New Zealand laws and were approved by the Ruakura Animal Ethics Committee.
Cell lines and tissues
Mouse embryonic fibroblasts (MEFs) were derived from day 13.5 embryos (Crl:CD/ICR strain) as described [20] and cultured in DMEM/F12 with 10% fetal Col1a1 4F2a MEFs (Jackson laboratory, stock no. 011004) and maintained in ESC culture medium as described [21] . Stable BEF5-TDH cells were generated by using Lipofectamine ® LTX/PLUS TM , (ThermoFisher Scientific, New Zealand) to co-transfect BEF5 cells with pB_TRE_TDH_MYC_PuroR and the pCyL43 transposase [22] according to the manufacturer's instructions. Following induction with Dox (2 µg/ml) for 48 hours, cells were puromycin-selected (2 µg/ml) in the continuous presence of Dox for several days. Stable populations of puromycin-resistant cells were cryopreserved and characterised for transgene expression.
TDH-overexpressing cells

In vitro Production (IVP) of Bovine Embryos
In vitro-matured (IVM) oocytes from a batch of slaughterhouse ovaries of mixed breed dairy cows were fertilized with frozen-thawed semen from a sire with proven in vitro fertility as described [23] . For cumulus-free cultures, the corona was dispersed after IVF for 22-24 h by vortexing oocytes in 500 µl of 1 mg/ml bovine testicular hyaluronidase in Hepes-buffered SOF (HSOF), followed by two washes in HSOF. For in vitro culture (IVC), 10 embryos were pooled in 20 µl of early SOF (ESOF) medium and cultured for five days (D0: fertilization). On D5, embryos were categorised into three groups: i) 1-cells, ii) less than 8-cells and iii) equal/more than 8-cells. Embryos from each group were then randomly distributed across the desired number of treatments by using 'proportionate' pooling, whereby gassed with 5% CO2, 7% O2, and 88% N2. Embryos were morphologically graded on D7 or D8 as described [25] .
IVP of Mouse Embryos
Female mice (B6C3 or Swiss strain) at 8-12 weeks of age were intraperitoneally injected with 10 international units (IU) of pregnant mare serum on day zero at 5:00 pm. Human chorionic gonadotropin (10 IU/ml) was injected 48 hours later. 
Differential Staining
Blastocysts were treated with pronase to remove the zona pellucida [26] and exposed to a 1:4 dilution in HSOF of rabbit anti-bovine whole serum (B3759) for 45 min, rinsed in HSOF with 0.1 mg/ml PVA (HSOF-PVA), and placed into a 1:4 dilution in HSOF of guinea pig complement (S1639) containing 5 μg/ml propidium iodide and 40 μg/ml Hoechst 33342 for 15 min. After rinsing in HSOF-PVA, the embryos were mounted (ProLong™ Diamond antifade mountant; ThermoFisher Scientific) on glass slides and examined using an epifluorescence microscope (AX-70; Olympus). Blue and pink colours were designated as ICM and TE cells, respectively [27] , and cell numbers were quantified the same day using ImageJ software.
Autophagy
A commercial autophagy detection kit (Abcam, ab139484) was adapted for bovine embryos. Briefly, blastocysts were washed once with assay buffer, stained for 30 min at 38.5°C in the dark, washed again with 100 μl assay buffer and mounted in 5 μl of ProLong® Diamond antifade. Stained embryos were analysed by epifluorescence microscopy.
ICM and TE Isolation
For ICM isolation, blastocysts were treated with pronase to remove the zona pellucida [26] . They were then incubated in 0. 
RNA Extraction and RT-PCR
Pools of grade 1-2 blastocysts were lysed in 10 µL RNAGEM™ Tissue PLUS (containing 0.5 µL RNAGEM™) and cDNA synthesized as described [28] . 
Mitochondria staining
Embryos were washed three times for 5 min each in 3% pre-warmed BSA-PBS. 
RESULTS
Bovine blastocyst development did not critically depend on candidate amino acids
We first established culture conditions for investigating the dependence of ICM development on individual amino acids. As BSA provides a major source of various amino acids for developing embryos, it was omitted from the culture medium from the 32-64 cell stage (D5) onwards. Absence of BSA reduced total blastocyst development under group culture conditions, and omission of NEAAs or EAAs further exacerbated this effect, in particular for high-grade blastocysts (Fig.   S1A ). As embryos themselves may be a confounding source of amino acids during group culture, we studied the effect of BSA and NEAA vs EAA dropout during single embryo culture. Under these conditions, there was a more severe reduction in blastocyst development when both NEAAs and EAAs were removed in the absence of BSA (Fig. S1B ). To further refine the system, embryos were thoroughly washed in PBS/PVA before transfer into the dropout medium and single culture.
This further reduced development in the absence of BSA, NEAAs and/or EAAs (Fig. S1C ). In the absence of any exogenous protein source for three days, only 6% of embryos developed into poor quality blastocysts on D8. Since dropping out EAAs had a more detrimental effect on bovine blastocyst development than dropping out NEAAs, we decided to deprive individually cultured embryos of candidate EAAs from D5 to D8 in subsequent experiments.
Mouse embryos and ESCs critically rely on threonine catabolism for survival. We therefore tested threonine dependency of bovine blastocysts using our previously established minimal culture conditions. Blastocyst development was not significantly affected by the absence of threonine compared to full medium, even when all NEAAs were dropped out at the same time (Fig. 1A) . Reciprocally, threonine provision did not rescue blastocyst development when all other EAAs were dropped out.
Human PSCs do not survive without methionine [19] . By contrast, bovine blastocyst development was not affected when embryos were deprived of methionine ( Fig. 1B) . Again, methionine provision did not rescue blastocyst development in the absence of other EAAs. Even combined threonine, methionine and cystine dropout ('-MT', '-CT', '-CM', '-CMT') had no significant effect (Fig.   1C ), indicating that key EAAs involved in the threonine-SAM pathway are dispensable for the morula-to-blastocyst transition.
Since lysine and leucine are also critical for human PSC development [19] , we tested their effect using the same experimental regime as before. Together with closely related isoleucine, we performed dual ('-LK', '-IL', '-IK') and triple ('-ILK') candidate EAA dropout experiments. Blastocyst development was not affected in any of these combinations (Fig. S1D ). By contrast, dropout of all six of these EAA candidates ('-CILKMT') significantly reduced development (Fig. S1E ).
This reduction was stronger than dropping out the remaining other six EAAs ('-FHRYVW). Removing each group of six EAAs still resulted in better development than removing all 12 EAAs (Fig. S1E) . No rescue was observed when nine EAAs were dropped out and either cystine, methionine and threonine ('+CMT') or isoleucine, leucine and lysine ('+ILK') were provided (Fig. S1F ). In summary, neither threonine nor methionine, leucine or lysine dependency could be confirmed in cultured bovine embryos. As no other clear candidates emerged from this dropout screen, we decided to directly test the role of threonine catabolism.
TDH is expressed in bovine blastocysts
Mouse ICM cells and ESCs, their in vitro counterpart, abundantly express the enzyme TDH which converts threonine into glycine and acetyl-CoA. We determined TDH expression in various bovine embryonic and adult tissues by qRT-PCR ( Fig. 2A) . The gene was detected in blastocysts where it showed no differential expression between ICM and TE cells. Its expression levels were lower in liver and testis tissue samples and significantly reduced in primary BEFs. None of various differentiated adult tissues (brain, heart, kidney, muscle, spleen and skin) showed detectable TDH expression, similarly to what has been described in mouse [13] .
In eukaryotic cells, the TDH enzyme is located within mitochondria where it supplies acetyl-CoA for the Krebs cycle and glycine to tetrahydrofolate charging [29] . We first confirmed by qRT-PCR that Tdh mRNA is copiously expressed in mouse ESCs and blastocysts but not detectable in mouse embryonic fibroblasts ( Fig. S2A ). Next we determined localisation and abundance of the TDH protein by immunofluorescence and immunoblotting, respectively. Using polyclonal antibodies against the mouse protein [13] , we detected punctate staining in the cytoplasm of ESCs, resembling the perinuclear distribution of mitochondria ( Fig.   S2B ). TDH protein was also detected by western blotting in murine iPSCs but absent in MEFs and adult muscle fibroblasts (Fig. S2C ).
The polyclonal antisera used for these experiments were raised against two different synthetic peptides derived from the mouse protein (Fig. S3A) . The 
TDH inhibition alters gene expression and compromises blastocyst development
We next examined the effect of pharmacological TDH inhibition in functional studies. We employed Qc1, a reversible, non-competitive TDH inhibitor that blocks the enzyme from catabolising threonine into glycine and acetyl-CoA. First, we compared the effect of different Qc1 concentrations (1, 5, 10, 50, 67, 100 µM) against their respective solvent controls on blastocyst development. From this, the minimal effective dose was determined as 50 µM (data not shown). At this concentration Qc1 completely abolished mouse blastocyst development (Fig. S4A,   B ). In bovine, treatment from D5 to D8 significantly reduced total development from 37% to 26% and more than halved the output of high-quality blastocysts from 18% to 8% (P<0.005, Table 1 ). This was accompanied by altered gene expression of ICM-and TE-specific marker genes. Specifically, ICM-restricted genes (NANOG, FGF4, SOX2) tended to be up-regulated, while TE-restricted genes were down-regulated (CDX2, KRT8) compared to DMSO solvent controls (Fig. 3) .
Expression of TDH itself was not significantly altered by its pharmacological inhibition. Despite these changes in lineage-specific marker gene expression, the ratio of inner (ICM) to outer (TE) cells, as determined by differential staining (Fig.   S5 ) was not affected by TDH inhibition ( 
TDH inhibition increases autophagy in bovine embryos
The reduced cell number in Qc1-treated embryos could be due to increased cell death as TDH has been described to specifically stimulate autophagy in ESCs [16] .
Using a commercial detection kit, autophagy was detected and quantified in D8 bovine embryos. In the Qc1-treated group, the fluorescent signal associated with autophagic vacuoles (Fig. 3A ) increased 1.5 fold compared to DMSO controls (P<0.05), providing a potential mechanism for the reduction in blastocyst cell numbers upon TDH inhibition (Fig. 3B ).
DISCUSSION
Here we show that threonine catabolism was required for bovine blastocyst viability. In its absence, embryo survival was compromised due to increased autophagy in both TE and ICM. This observation complements findings in mouse,
where threonine catabolism appeared to be particularly critical for development of the ICM and ICM-derived PSCs.
Amino acid dependency during bovine embryo development
We undertook a targeted amino acid dropout screen on cattle embryos to investigate blastocyst development in the absence of individual amino acids. For this, we first removed potentially contaminating amino acid sources by depleting the base medium of BSA. On its own, BSA does not appear to alter the concentration of amino acids in the medium [30] . However, BSA is taken up by embryos through fluid-phase endocytosis [10, 31] . Uptake and subsequent intracellular degradation probably maintain intracellular amino acid pools [10] .
Therefore, BSA is an undefined amino acid source that could confound experiments examining the role of amino acid metabolism in vitro. In pilot experiments, we established that BSA or amino acid dropout from D7 to D8 had no effect on development (data not shown). By contrast, BSA depletion from D5 to D8 modestly compromised blastocyst development, even in the presence of glutamine, NEAAs and EAAs, supporting a nutritive role of BSA [32] . Although albumin is not an absolute requirement for bovine embryo development in vitro [33] , its inclusion in the culture medium has been generally considered beneficial [32] . This benefit may be particularly important post-compaction when the embryo increases total protein content via increased protein uptake [31] , coinciding with net cell growth and proliferation.
To further refine a minimal medium for dropout experiments, we also omitted glutamine from the BSA-free medium. There is conflicting information regarding the requirement of this amino acid from the morula stage onwards. Whilst it may not be required for blastocyst quality, glutamine depletion from BSA-, NEAA-and EAA-containing medium reduced blastocyst development [34] . This supports the finding that increasing glutamine uptake in expanding and hatching blastocysts feeds as an energy substrate into the Krebs cycle [35] [36] [37] [38] . However, others have not found significant glutamine depletion from the medium by bovine [8] or mouse [39] blastocysts. We did not directly address the role of glutamine in our study.
It was further necessary to wash D5 embryos in protein-free buffer before transferring them into the amino acid dropout medium. Without this step, removing all NEAAs or EAAs on D5 had no significant effect on development in the absence of BSA. By contrast, washing embryos before transfer into dropout medium unmasked the detrimental effect of AA removal. We reasoned that this may have been due to residual protein carry-over from embryo-conditioned BSA-containing ESOF to fresh BSA-free LSOF.
As a last step to exclude contaminating amino acid sources, we cultured embryos individually to better detect potential amino acid dropout effects. Under group culture conditions, removing all NEAAs and/or EAAs on D5 had no significant effect on blastocyst development in the absence of BSA. Once embryos were cultured individually without protein carry-over, dropping out BSA strongly reduced blastocyst development, indicating that the embryos themselves can be a potentially confounding source of amino acids.
We observed that individually cultured bovine embryos without BSA, glutamine and protein carry-over required both NEAAs and EAAs for maximal blastocyst development. This confirmed earlier findings, obtained in BSA-containing medium, that the combination of all 20 amino acids stimulated bovine blastocyst development and quality [34] . This earlier study also found that NEAAs supported the highest proportion of bovine ICM cells, in contrast to mouse, where EAAs stimulated ICM development [40] . We did not quantify cell numbers but observed that the absence of NEAAs vs EAAs, reduced total blastocyst development by onethird vs two-third, respectively. Since lack of EAAs had the most detrimental effect on blastocyst development, we decided to deprive individually cultured embryos of candidate EAAs from D5 to D8 in subsequent experiments.
Threonine dependency during bovine embryo development
Using systematic depletion of all 20 amino acids from cell culture medium, threonine was identified as the only critical amino acid in for growing mouse ESCs [13] . Without threonine, thymidine biosynthesis and ESC self-renewal was severely impaired. Mouse blastocysts do not deplete large amounts of threonine from the medium [39] and, to our knowledge, a detrimental effect of threonine dropout on mouse blastocyst development has not yet been conclusively demonstrated. Here we used a similar experimental dropout approach to show that total development of bovine blastocysts was not affected by the absence of threonine. This is despite the finding that bovine embryos consume significant amounts of threonine at all stages of development in vitro, in particular at the blastocyst stage [8] . In fact, threonine was the only amino acid that showed this particular depletion pattern, consistent with our finding that threonine dropout compromised blastocyst development. In particular, isolated ICM depleted threonine (together with asparagine, glycine, tyrosine, tryptophan and phenylalanine), even though this effect was not obvious in intact blastocysts [41] .
Cultured human PSCs do not survive without lysine, leucine or methionine [19] . In cultured bovine embryos, on the other hand, methionine dropout did not affect development, consistent with its lack of net uptake in isolated ICMs and intact blastocysts at this stage [41] . Blastocyst development was also not affected when embryos were simultaneously deprived of two or three of these EAAs. Thus key EAAs involved in mouse and human embryonic PSC survival are dispensable for bovine blastocyst and ICM development under the tested experimental conditions.
As no promising candidate EAA emerged from this dropout screen, we directly tested threonine dependency with a different experimental approach.
Role of TDH in regulating pluripotency-related molecular pathways
Mouse TDH mRNA and protein expression, respectively, was restricted to the ICM [13] . By contrast, isolated bovine ICM and TE showed no significant enrichment of TDH mRNA in either tissue. Using Dox-inducible overexpression of MYC-tagged bovine TDH, we found that polyclonal anti-mouse TDH antisera specifically recognised a protein of the correct molecular weight (~42 kDa) in the mitochondria of BEFs. However, immunofluorescence with this validated TDH antibody showed strong homogeneous immunoreactivity across the whole bovine blastocyst. Thus TDH expression was not ICM-restricted in cattle. This is in contrast to the general conservation of ICM-restricted key pluripotency markers between mouse and bovine, including phosphorylated STAT3, SOX2 and NANOG [28] . Expression of other pluripotency-related transcription factors, such as POU5F1 and KLF4, also extends into the bovine TE [42] , suggesting that some aspects of pluripotency acquisition may be delayed in cattle compared to mouse.
In mouse, metabolic remodelling plays an important function in regulating somatic cell reprogramming into pluripotency. This is supported by solid evidence that the transition from oxidative phosphorylation to glycolysis [43, 44] , as well as TDHmediated threonine catabolism promote iPSC formation. The detailed mechanism of this process remains to be elucidated but appears to involve post-transcriptional and post-translational regulation by microRNA miR-9 and protein arginine methyltransferase PRMT5, respectively [17] . Specifically, miR-9 represses TDH expression by targeting its 3'UTR and inhibiting TDH-facilitated reprogramming.
PRMT5, a direct TDH binding partner, increases TDH enzyme activity and TDHenhanced reprogramming efficiency [45] . Furthermore, pluripotency genes (Pou5f1, Sox2, Nanog, Zfp42 and Blimp1) were down-regulated upon TDH depletion in mouse ESCs [15] . This role of TDH as a positive regulator of pluripotency was seemingly at odds with the modest up-regulation of pluripotencyassociated genes (NANOG, FGF4, SOX2) upon TDH inhibition. It remains to be seen if the interactions described for iPS and ESC reprogramming in vitro also play a physiological role in establishing pluripotency during bovine embryogenesis.
DNA and histone methylation is a major regulator of gene expression. Both modifications are catalysed by methyltransferases that use SAM as a methyl group donor and SAM levels were elevated in mouse PSCs compared to fibroblasts [15] .
This increased accumulation of SAM was generated by uptake of extracellular threonine and Tdh activity to fuel histone methylation, specifically of histone 3 lysine 4 di-and trimethylation (H3K4me2, H3K4me3). In human PSCs, methionine specifically contributed to SAM production, resulting in increased H3K4me3, while other trimethylation markers (H3K9me3 and H3K27me3) were not affected [12] . 
TDH regulating autophagy and embryonic cell survival
To determine if TDH was not only present in bovine embryos but also functional during development, we used pharmacological inhibition with Qc1 [16] . This compound reversibly blocks the ability of the TDH enzyme to catabolize threonine into glycine and acetyl-CoA, cutting off the supply for nucleotide synthesis and ATP generation, respectively [29] . In ESCs, chemical inhibition of TDH enzyme activity prompted cellular autophagy, an intracellular bulk degradation process that is activated by various stressors, including restriction of nutrient supply. [16] . In bovine embryos, the Qc1-induced autophagic state was also insufficient to prevent cell death. These results confirm the importance of the threonine-dependent metabolic state for bovine blastocyst viability. They also highlight that metabolic specialization of a particular cell type, such as mouse ICM cells and ICM-derived PSCs, is not necessarily conserved between species. Future experiments will need to better characterise the metabolome of bovine ICM vs TE cells in order to define a unique metabolic state that may aid in the derivation of bovine embryonic PSCs.
TABLES TABLE 1. Effect of TDH inhibition on bovine blastocyst development
Embryos were cultured in medium containing DMSO vs. Qc1 from the morula-stage Figure 4 
